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MANAGEMENT APPLICATION 
FISHLESS MOUNTAIN LAKES



The problem

Fishless mountain lakes can potentially serve a 
unique recreational fishing opportunity, but the 
growing season is limited in these lakes and 
therefore fish stocked into these systems need 
to grow fast to provide quality fishing 
experiences.



Decision Making Process

1. Problem

2. Objectives

3. Alternatives

4. Consequences & tradeoffs

5. Select best option between alternatives



HISTORICALLY FISH WERE STOCKED 
BY MULE & HORSE





Management objectives

1. Provide fishing opportunities in otherwise 
fishless locations

2. Provide good size structure in systems with 
short growing season

3. Minimize environmental consequences

4. Minimize cost

5. Others…



Management alternatives
1. Stock Gerrard strain rainbow trout into the 

systems

2. Stock Gerrard strain triploid rainbow trout 
into the systems

3. Others??

Gerrard strain rainbow trout that are adapted to 
cold, short growing seasons. 



Stock Kamloops strain 
rainbow trout into the 

systems

Stock Kamloops strain 
triploid rainbow trout into 

the systems

1. Provide fishing 
opportunities in otherwise 
fishless locations

3 3

2. Provide good size 
structure in systems with 
short growing season

2 3
expected from theory

3. Minimize environmental 
consequences

1 3
Sterile fish

4. Minimize cost 3 2
More expensive to make 

triploid trout

Total 9 11

Score 1-3 & Rank the ability of a 
management action to achieve 

objectives



What do you mean expected from 
theory?

Invest energy into 
gonads



What do you mean expected from 
theory?

Triploid = No energy 
into gonads & 

increased growth?





Do triploid fish grow better?

Take home: Diploid 
(2N) and triploid fish 
(3N) did not grow any 
better. 

No growth advantage 
of triploidy.

No 
difference



Stock Gerrard strain 
rainbow trout into the 

systems

Stock Gerrard strain 
triploid rainbow trout into 

the systems

1. Provide fishing 
opportunities in otherwise 
fishless locations

3 3

2. Provide good size 
structure in systems with 
short growing season

2 2 3
expected from theory

3. Minimize environmental 
consequences

1 3
Sterile fish

4. Minimize cost 3 2
More expensive to make 

triploid trout

Total 9 10

Score 1-3 & Rank the ability of a 
management action to achieve 

objectives



Decision Making Process

1. Problem

2. Objectives

3. Alternatives

4. Consequences & tradeoffs

5. Select best option between alternatives



WHERE WE LEFT OFF



Age & Growth



Growth Models
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Fishing mortality 
is applied after 
some age is 
reached. But 
rarely can we 
ask a fish how 
old it is!Fishing 

mortality kicks 
in for age 3 
and older fish



0 10 20 30 40 50

0

200

400

600

800

1000

1200

0 10 20 30 40 50

0

200

400

600

800

1000

1200

0 10 20 30 40 50

0

200

400

600

800

1000

1200

0 10 20 30 40 50

0

200

400

600

800

1000

1200

0 10 20 30 40 50

0

200

400

600

800

1000

1200

Length (cm)

A
b
u
n
d
a
n
c
e

Size structure results from age 
structure
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Size structure can be difficult to index and provide 
ways to quantify size structure to evaluate if 
management actions are achieving objectives vary. 
Historically the standard approach was relative stock 
density (RSD) but nowadays we use proportional 
stock density (PSD)!



Relative stock density (RSD)

Where

• Stock length fish = 8 inches 

• Quality length fish = 12 inches

Originally developed for largemouth bass

 quality length
0
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Adjusting stock and quality lengths

Anderson and Weithman (1978) 

• Defined stock and quality lengths as 
percentages of all-tackle world record lengths

• Suggested stock and quality lengths for 26 
species



Relative stock density

Where a:

• Stock length fish 20-26% of world record

• Quality length fish 36-41% of world record

• Or any other specified length (e.g., 15 inches)

 specified length

Number of fish 

Number of fish
1

 stock len
0

h
0

gt
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• 30 fish greater than 15 inches

• 100 fish that were stock size or greater

30 Number of fish 15inches
15 30

100 Number of stock f
100 0

h
1

is
0RSD  
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Stock and quality largemouth bass

891 > stock 579 > quality

63 > quality118> stock
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Largemouth bass PSD
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Interpreting PSD

• 53% of stock size fish are quality size

• 64% of stock size fish are quality size
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Issues?
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Adding length categories

Gabelhouse (1984): need to move beyond a 
two-cell model of length categorization and 
further refine PSD by using:  

• stock (S)

• quality (Q)

• preferred (P)

• memorable (M)

• trophy (T) 



Adding length categories

Gabelhouse (1984): need to move beyond a 
two-cell model of length categorization and 
further refine PSD by using:  

• stock (S)

• quality (Q)

• preferred (P)

• memorable (M)

• trophy (T) 



Calculation of length categories



Length categories

Category Largemouth bass 
(mm)

Bluegill 
(mm)

Stock 200 80

Quality 300 150

Preferred 380 200

Memorable 510 250

Trophy 630 300



Traditional PSD 



Traditional PSD 

Stock (21)
All greater than 



Quality (12)
Traditional PSD 

All greater than 



Traditional PSD 
Preferred (5)
All greater than 



Incremental PSD 
Stock
9 

Preferred
5

Quality
7



Counts and PSD

Size class Total PSD-X Incremental PSD-X-Y

Stock 21 100 9 42

Quality 12 57 7 33

Preferred 5 41 5 24



Traditional PSD
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Category N Value

PSD-S 400 100

PSD-Q 100 40

PSD-P 75 25

PSD-M 80 14

PSD-T 10 2



Incremental PSD
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Category N Value

PSD-S-Q 400 60

PSD-Q-P 100 15

PSD-P-M 75 11

PSD-M-T 80 12

PSD-T 10 2

Should sum to 100



Using PSD for management



Using PSD as an assessment tool:
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An assessment tool?

• This index supposedly gives insight or 
predictive ability of population dynamics.

• Both high and low values and wide variation in 
PSD over time are indicative of populations 
with functional problems such as unstable 
recruitment, growth, or mortality. 



Cautions

• Predicting or drawing conclusions about 
population dynamics based on the structural 
indices is not as straightforward in larger 
waters or in systems with more complex fish 
communities. 

• These systems require  stock assessments 

• Management decisions should be grounded in 
other procedures (e.g., relative abundance, 
recruitment , growth, mortality)


